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       Bacteriorhodopsin (BR) is the light harvesting and photoactive proton pump found in the membrane of a 
salt marsh bacteria. This protein has significant potential to use in optical computing and memory devices 
due to unique intrinsic physical properties of photo and bioelectric. All these features make BR one of the 
most promising protein candidates in protein memories. Protein memory is a kind of optical memory with a 
large storage capacity and high speed processing features. BR protein was used with the polymer film in 
order to create better stability. In order to investigate immobilization of electrostatic self-assembly of BR on 
glass and  polycarbonate as protein memories was used.  Polycarbonate is a layer of compact disc (CD) 
structure which considered dye immobilized on its surface and have  reading and writing abilities of 
information via  0,1 bites. In this study, surfaces of polycarbonate modified by the mixture of 5% sulfuric 
acid and 20% acetic acid; furthermore, by using of PEI as cationic resin the surface of polycarbonate was 
charged and BR immobilized on it electrostatically. The modified surfaces were characterized by AFM 
technique. Also, light activity for reading data is retained. This is an appropriate method for optimal stability 
and activity assay of the protein and also is suitable for preparation of protein memories. 
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INTRODUCTION 
     There are significant reduction in the size of 
future tools and increase in their speed, benefits 
manufacture and design of molecular devices  
.Molecular computers could be a size 2-3 times 
smaller and faster than today's computers. Due to 
the size and speed, molecular electronics plays 
important role in the development of computer 
tools [1, 2].  Halobacteriun salinarum is a kind of 
halobacteria, which exist in environments with 
high concentrations of salt, such as salt lakes and 
saline waters [3-5].  Halophiles aerobic organisms 
use light instead of electron respiratory chain in 
the low pressure of oxygen [6]. These organisms 
are capable of producing energy through 
alternative route to maintain their survival. The 
concentration of dissolved oxygen in the pond of 
salt water (saturation salt) is five times less than 
ordinary water, so in this condition, low 
concentrations of oxygen and light, the present 
system does not use Chlorophyll revival path; 
instead retinal (energy conversion) and 
bacteriorhodopsin ) BR( protein are used as proton 
pump [5, 7, 8]. BR is chromophores retinal 
protein. This protein was discovered in 1970 by  
Dr. Estoeckinus and Dr.Osterhelt. During the past 
four decades, many studies have been conducted 
in this field [9, 10]. Halobacteriun salinarum 
growth, stops under anaerobic stress conditions, 
and this start synthesis of purple membrane (PM). 
BR is 75% of the PM and 25% the rest consists of 
mixture of connecting lipids [2]. BR requires the 
presence of lipid to maintain its conformation ,so 
optical memory applications uses of thin BR films 
[11, 12]. Matrix of polyvinyl alcohol and gelatin: 
polyvinyl alcohol (PVA) is a water-soluble 
polymer. As soon dehydration, thin film will 
stable with this method, since  containing 
 




hydroxyl functional groups [13, 14]. (BR) 
immobilized through self assemble electrostatic 
methods that can be employed in the preparation 
of the protein memory. Nature of BR is anionic; 
therefore, electrostatic method can be used [15]. 
In this method, layers of material are linked 
together with opposite charges. Immobilization of 
these surfaces was carried out with immersion in 
aqueous solutions with opposite charge [16]. CD 
is a kind of plastic polycarbonate which made of 4 
layers with 1.2 millimeter thickness and 15-20g 
weight [17]. In this respect, development of 
chemical components on the disks surface  
improves the immobilization of active biological 
molecules on it [18-21]. Polycarbonates are a kind 
of compact polymers that are highly resistance to 
the physical damage and temperature. These 
properties make it one of the best components to 
immobilize the thermophilic  enzymes [10, 22, 
23]. The present study attempts to immobilize the 
BR on glass and polycarbonate surface by 
modification of those functional groups[17, 24]. 
 
MATERIALS AND METHODS 
     Wild type and S9 strain Bacteriorhodopsin 
(BR), potassium chloride, magnesium chloride, 
potassium hydroxide 2%, gelatin, polyvinyl 
alcohol (PVA), polyethylene Aimin (PEI)  were 
purchased from Sigma. Triethanolamine (TEA) 
was purchased from Fluka. Polycarbonate was 
provided from CD producer companies. Glass 
substrate, sulfuric acid and acetic acid were 
purchased from Merck. 
Methods 
    The study of BR structure and its photocycle 
was performed by UV-visible spectrometry 
(Unicam UV 300 model) techniques. To measure 
the BR activity, pH changes were determined. 
As a result, in order to define the PM activity, 
pH changes we measured by baloni pH 720 
precision pH  meter.   In pH = 7.2 Kcl 3M and 
80M solutions were prepared. Then lamp with 
200W power at a 30 cm distance from the 
sample was used. Finally pH variations were 
measured for 30 minutes. 
Preparation of polymeric matrix 
    The preparation of BR film by GE-PVA 
solution in distilled water was  followed by 
standard protocol as described by korposh and 
his colleagues [6].  GE-PVA solution )1%wt( 
was prepared. After cooling the solution 
different concentration of bacteriorhodopsin 
suspension was added to the solution, then 0.4 M 
Triethanolamine solution with 250: 1 ratio was 
added to improve BR light sensitivity.  
Electrostatically immobilized BR on glass and 
polycarbonate 
    The immobilization technique chosen is based 
upon an electrostatic layer-by-layer self-
assembly technique [25]. In the first step 
polycarbonate surfaces was sulfonated by the 
mixture of 5% sulfuric acid and 20% acetic acid. 
This process was done at 80° C for an hour. 
Next, glass or Polycarbonate components 
charged via 25 minutes submersion in to a 2% 
KOH solutions, washed and dried. Afterward, 
the components were soaked in PEI  for 5 
minutes at room temperature, washed and dried. 
Finally, each substrate component was 
submerged in PM solution for 10  minutes in an 
ultrasonic bath, washed and dried [25]. To 
provide protein memory CD, polycarbonate 




Figure 1. Removing the CD layers to achieve the 
polycarbonate layer 
 
Layer removing protocol 
CDs were soaked in nitric acid solution 60% and 
distilled water for an hour and fifteen minutes, 
and then were rinsed. After that, they were 
immersed for 20 minutes in methanol. Finally, 









   The study of (BR) structure and its photocycle 
was done by UV-visible spectrometry (figure2). 
Film containing a suspension of 1.2 mg/ml BR 
shows  pH levels less than others. 0.5 pH units 
decrease a film containing a suspension of 3.2 
mg/ml BR  towards decrease to 0.24 and 0.31 
units, respectively, for film containing 
suspensions 1.2 mg/ml and 2.2 mg/ml BR, have 
the highest biological activity)figure 3 ( .BR 
suspension was used to immobilize BR on glass 
and  polycarbonate surface. pH changes, indicate 
activated proton pump BR protein after 
immobilization )Figures 4,5( .  
 
 
           Figure 2. A( UV-visible spectrum in a wavelength 650-200 nm for (BR) suspension 3.2 )mg/ml( 




Figure 3. A( Activity of BR 1.2)mg/ml( in a polymeric film 1% B) Activity of BR 2.2)mg/ml( in a polymeric film 1% C) 
Activity of BR 3.2)mg/ml( in a polymeric film 1%  D) Activity of BR suspension 3.2 )mg/ml( 
 
 





Figure 4.  Activity of self assemble electrostatic immobilized 
BR 3.2)mg/ml( With PEI on the glass surface. 
 
Figure 5.  Activity of self assemble electrostatic immobilized 
BR 3.2)mg/ml( With PEI on the polycarbonate surface.  
 
Figure 6. The FTIR-ATR spectrum of the polycarbonate surface before immobilization of BR. 
 
 
Figure 7. The FTIR-ATR spectrum of modified  polycarbonate surface after immobilization of BR. 
 






Figure 8. Morphological studies of polycarbonate surface 
by AFM. Panel shows polycarbonate surface after 
electrostatically immobilization of BR. 
 
PEI made the polycarbonate surface positively 
charged and the BR has a negative charge on it. 
Thus, BR interacted to the PEI modified surface. 
The peaks on 3595 and 1517 in figure 7 showed 
that the BR was bind to the modified 
polycarbonate surface electrostatically.  
To identify the functional groups formed on 
polycarbonate surface, Thermo Nicolet Nexus 
870 with SMART MULTI-BOUNCE HATR was 
for FTIR-ATR. The morphology of polycarbonate 
surface changed  after immobilization of BR 
proteins was studied by AFM technique (See 
figure 8).  
 
DISCUSSION  
    Bacteriorhodopsin is applied as a model for 
data storage application via electrostatic 
interactions onto biological compact disc. By the 
use of self-assembly electrostatic strategies of 
these protein molecules onto polymer films, 
memory storage purposes are tangible. For this 
reason, polymer films (Polyvinyl alcohol matrix-
gelatin) were provided; and then, optimization of 
different concentrations of the protein was done 
by determining the biological activity [17, 26]. By 
utilizing spectroscopy methods, functional 
characteristic techniques, and microscopic 
evaluations, the absorption of BR proteins to 
polymer and glass was studied. In fact, spectral 
techniques such as UV-visible spectrometry and 
FTIR-ATR spectroscopy enable reorganization of 
protein assembly features and candidate surface 
attachment. In addition, AFM study provides 
morphological alteration of the chosen surface 
that can be an approval for earlier evaluations.   
UV-visible spectrum provides information related 
to protein structure [27] as it is depicted in figure 
2.  This result shows that similar spectrum pattern 
of these two samples can be obtained via this 
method. This indicates that the BR protein is 
successfully loaded on film material as the 
concentration of protein is similar to suspension 
proteins. Another evaluation is   pH metery, 
which is a useful method for protein activity 
assessment. Here by the use of this technique 
related outcome has been achieved [28]. Protein 
activity determination was carried out by pH 
metery of different concentrations of samples. As 
it is shown in figure3, protein as suspension 
shows a typical activity including maintenance of 
pH in the range of biological environment, while 
this concentration in the presence of film has no 
similar activity. For more resolution, the 
concentrations of protein in the presence of film 
decreased (2.2) mg/ml( and 1.2) mg/m(( .       
 The finding indicates that protein ability 
decreases due to unbinding on the film. It can be 
concluded that the certain percentage of protein 
can bound to the film. However, this part is a 
significant value to consider.  It can be seen from 
figure 4 and 5 that pH alteration range is different 
among BR proteins loaded on glass sample and 
BR protein loaded on polycarbonate surface 
sample, but both of these findings approve the 
proton pump activity as the pH amount alters. 
That is, the confirmation of biological activity for 
BR protein on film surface.  Techniques such as 
FTIR-ATR spectroscopy provide information 
related to surface characterization [29]. Results 
from figure 6 and 7 depict that by the use of this 
technique, it is confirmed that the surface of 
polycarbonate chemical is modified after 
immobilization of BR.  In addition to this, AFM 
is another applied technique for imaging protein 
patterns and measuring dimension of proteins 
[30].    
The findings specify the accuracy of previous 
conclusions by the high- resolution method. In a 
way that, protein binding on the surface can be 
approved by visualizing methods as it is 
illustrated in figure 8.   After applying the 
designated proteins on the film, noticeable 
 




changes, can be observed. These changes are due 
to electrostatically generated arrayed protein. 
Consequently, all these findings proved that this 
immobilization can be used to prepare protein 
memories instead of chemical dyes in the 
polycarbonate layer of CD, which is attained by 
different methods. In fact, designed protein 
storage model is approved by these techniques 
since presenting the promising stability and 
activity aspects.  
 
CONCLUSION  
    In this work, we studied  the activity of BR in 
variety of concentrations. The results show that  
the best spectrum was measured 3.2 mg/ml for 
concentration of polymer films which contains 
BR. Afterwards, the activity of BR on glass  and 
polycarbonate surfaces was measured. The results 
show  that BR  immobilized on polycarbonate  
surface and it retained biological activity to read 
data.  
REFERENCES  
1. Birge RR. Photophysics and molecular 
electronic applications of the rhodopsins. Annual 
Review of Physical Chemistry. 1990;41(1):683-
733. 
2. Henderson R, Unwin PNT. Three-dimensional 
model of purple membrane obtained by electron 
microscopy. Nature. 1975;257(5521):28-32. 
3. Becher B, Cassim J. Effects of light adaptation 
on the purple membrane structure of 
Halobacterium halobium. Biophysical journal. 
1976;16(10):1183-200. 
4. Dencher NA, Heyn MP. Bacteriorhodopsin 
monomers pump protons. FEBS letters. 
1979;108(2):307-10. 
5. Luecke H, Richter H-T, Lanyi JK. Proton 
transfer pathways in bacteriorhodopsin at 2.3 
angstrom resolution. Science. 
1998;280(5371):1934-7. 
6. Oesterhelt D, Stoeckenius W. Rhodopsin-like 
protein from the purple membrane of 
Halobacterium halobium. Nature. 
1971;233(39):149-52. 
7. Hampp N. Bacteriorhodopsin as a 
photochromic retinal protein for optical 
memories. Chemical Reviews. 2000;100(5):1755-
76. 
8. Tajkhorshid E, Suhai S. The effect of the 
protein environment on the structure and charge 
distribution of the retinal Schiff base in 
bacteriorhodopsin. Theoretical Chemistry 
Accounts. 1999;101(1-3):180-5. 
9. Birge RR, Gillespie NB, Izaguirre EW, 
Kusnetzow A, Lawrence AF, Singh D, et al. 
Biomolecular electronics: protein-based 
associative processors and volumetric memories. 
The Journal of Physical Chemistry B. 
1999;103(49):10746-66. 
10. Bora U, Sharma P, Kumar S, Kannan K, 
Nahar P. Photochemical activation of a 
polycarbonate surface for covalent 
immobilization of a protein ligand. Talanta. 
2006;70(3):624-9. 
11. Korposh S, Sharkan Y, Sichka M, Yang D-H, 
Lee S-W, Ramsden J. Matrix influence on the 
optical response of composite bacteriorhodopsin 
films to ammonia. Sensors and Actuators B: 
Chemical. 2008;133(1):281-90. 
12. Sharkany J, Korposh S, Batori-Tarci Z, Trikur 
I, Ramsden J. Bacteriorhodopsin-based 
biochromic films for chemical sensors. Sensors 
and Actuators B: Chemical. 2005;107(1):77-81. 
13. Bryl K, Varo G, Drabent R. The photocycle of 
bacteriorhodopsin immobilized in poly (vinyl 
alcohol) film. FEBS letters. 1991;285(1):66-70. 
14. Chen F, Hou X, Li BF, Jiang L, Hammp N. 
Optical information storage of bacteriorhodopsin 
molecule film: experimental study. Materials 
Science and Engineering: B. 2000;76(1):76-8. 
15. Batori-Tartsi Z, Ludmann K, Váró G. The 
effect of chemical additives on the 
bacteriorhodopsin photocycle. Journal of 
Photochemistry and Photobiology B: Biology. 
1999;49(2):192-7. 
16. Bertrand P, Jonas A, Laschewsky A, Legras 
R. Ultrathin polymer coatings by complexation of 
polyelectrolytes at interfaces: suitable materials, 
structure and properties. Macromolecular Rapid 
Communications. 2000;21(7):319-48. 
17. Zhao M, Nolte D, Cho W, Regnier F, Varma 
M, Lawrence G, et al. High-speed interferometric 
detection of label-free immunoassays on the 
biological compact disc. Clinical chemistry. 
2006;52(11):2135-40. 
18. Gopinath SC, Awazu K, Tominaga J, Kumar 
PK. Monitoring biomolecular interactions on a 
 




digital versatile disk: A bioDVD platform 
technology. ACS nano. 2008;2(9):1885-95. 
19. Motaung T, Saladino M, Luyt A, Martino DC. 
Influence of the modification, induced by zirconia 
nanoparticles, on the structure and properties of 
polycarbonate. European Polymer Journal. 
2013;49(8):2022-30. 
20. Sun Y, Zhu Z, Wang Z, Jin Y, Liu J, Hou M, 
et al. Swift heavy ion induced amorphisation and 
chemical modification in polycarbonate. Nuclear 
Instruments and Methods in Physics Research 
Section B: Beam Interactions with Materials and 
Atoms. 2003;209:188-93. 
21. Verkuijlen R, van Dongen M, Stevens A, van 
Geldrop J, Bernards J. Surface modification of 
polycarbonate and polyethylene naphtalate foils 
by UV-ozone treatment and μPlasma printing. 
Applied Surface Science. 2014;290:381-7. 
22. Saarikoski I, Suvanto M, Pakkanen TA. 
Modification of polycarbonate surface properties 
by nano-, micro-, and hierarchical micro–
nanostructuring. Applied Surface Science. 
2009;255(22):9000-5. 
23. Van der Wel H, Van Vroonhoven F, Lub J. 
Surface modification of polycarbonate by uv light 
as studied by TOF-SIMS. Polymer. 
1993;34(10):2065-71. 
24. Li Y, Wang Z, Ou LM, Yu H-Z. DNA 
detection on plastic: surface activation protocol to 
convert polycarbonate substrates to biochip 
platforms. Analytical chemistry. 2007;79(2):426-
33. 
25. He J-A, Samuelson L, Li L, Kumar J, 
Tripathy SK. Oriented 
bacteriorhodopsin/polycation multilayers by 
electrostatic layer-by-layer assembly. Langmuir. 
1998;14(7):1674-9. 
26. Stuart JA, Marcy DL, Wise KJ, Birge RR. 
Volumetric optical memory based on 
bacteriorhodopsin. Synthetic metals. 
2002;127(1):3-15. 
27. Zamanian-Azodi M, Rezaei-Tavirani M, 
Vafaee R. Critical concentration of Glucose 
changes human serum albumin conformation: 
Circular Dichroism (CD) and UV 
Spectroscopyapproaches. Journal of Paramedical 
Sciences. 2013;4(3). 
28. Rezaei-Tavirani M, Tadayon R, Mortazavi 
SA, Medhet A, Namaki S, Kalantari S, et al. 
Fluoxetine Competes with Cortisol for Binding to 
Human Serum Albumin. Iranian journal of 
pharmaceutical research: IJPR. 2012;11(1):325. 
29. Belfer S, Fainchtain R, Purinson Y, Kedem O. 
Surface characterization by FTIR-ATR 
spectroscopy of polyethersulfone membranes-
unmodified, modified and protein fouled. Journal 
of Membrane Science. 2000;172(1):113-24. 
30. Kiselyova OI, Yaminsky IV, Ivanov YD, 
Kanaeva IP, Kuznetsov VY, Archakov AI. AFM 
Study of Membrane Proteins, Cytochrome P450 
2B4, and NADPH–Cytochrome P450 Reductase 
and Their Complex Formation. Archives of 
Biochemistry and Biophysics. 1999;371(1):1-7. 
 
